From a series of 282 consecutive temporal resections for medically intractable epilepsy associated with mesial temporal sclerosis (MTS), dysembryoplastic neuroepithelial tumour (DNT) or non-specific pathology (NSP), 51 patients had persistent or recurrent seizures occurring at least monthly. Of these patients, 44 underwent detailed assessment of their postoperative seizures, which included clinical evaluation, interictal and ictal EEG and highresolution MRI. Of the 20 patients with MTS in the original pathology, 14 (70%) had postoperative seizures arising in the hemisphere of the resection, the majority (12 patients) in the temporal region. Although MRI demonstrated residual hippocampus in five of these 12 patients, only one patient was considered to have seizures arising there, whilst the remainder had electroclinical evidence of seizure onset in the neocortex. In contrast, five of the MTS relapses (25%) had seizure onset exclusively in the contralateral temporal region. Among the 14 patients with non-specific pathology, relapse was also predominantly from the ipsilateral hemisphere (64%), but more relapsed from extratemporal sites compared Keywords: epilepsy; surgery; temporal lobe; postoperative seizures Abbreviations: DNT ϭ dysembryoplastic neuroepithelial tumour; FLAIR ϭ fluid-attenuated inversion recovery; MTS ϭ mesial temporal sclerosis; NSP ϭ non-specific pathology
Introduction
The proportion of patients becoming seizure-free after temporal lobe resection for medically intractable epilepsy has been estimated to range from 55 to 70% (Elwes et al., 1991; Engel et al., 1993) . Several reports (Wyler et al., 1989; Awad et al., 1991; Germano et al., 1994) have described the outcome of patients who are reoperated and report shortto medium-term seizure remissions of 50-65%. From the Montreal series of 559 cases of anteromedial temporal lobectomy performed between 1971 and 1990, 40 patients with persistent seizures had further surgery to the temporal lobe (Germano et al., 1994) . MRI before the second procedure
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with the MTS cases, including two with NSP who had occipital structural abnormalities. Although 70% of the 10 patients with DNT had postoperative partial seizures arising in the ipsilateral hemisphere, many (60%) had evidence of a more diffuse disorder with additional generalized seizures, cognitive and behavioural disturbance and multifocal and generalized EEG abnormalities. Nine patients (20%) had immediate postoperative seizure-free periods of at least 1 year, and seven of these had MTS in the operative specimen. Of these seven patients, four had ipsilateral temporal seizures and three had contralateral temporal seizures. Overall, few missed lesions were discovered on postoperative MRI and reoperations were performed or considered possible in a minority of cases. Despite well-defined preoperative electroclinical syndromes of temporal lobe epilepsy, many patients relapsed unexpectedly, either immediately or remotely from the time of surgery. Maturing epileptogenicity in a surgical scar was not, however, considered to be a significant primary mechanism in patients who relapsed after a seizure-free interval.
identified residual mesiotemporal structures in all patients, EEG abnormalities being confined to the ipsilateral temporal region in 32 of the 40 cases. After further hippocampal resection, combined with additional neocortical resection in eight patients, 65% of the patients became seizure-free. Those patients with a poor outcome had EEG abnormalities extending beyond the temporal region, implying that the epileptogenic zone was not confined to residual mesial temporal structures. No failure was due to non-identification of a structural lesion in the temporal lobe. From an operated series of 154 resections for intractable epilepsy, Awad and colleagues reported that 72 patients had persistent seizures; 15 of these patients were finally selected and reoperated . Eleven of these had undergone temporal resection initially. The second procedures in these 11 cases included resection of residual mesial temporal structures in six; lateral temporal resections in two who had previous extensive resection of the mesial temporal structures; and more extensive temporal resections that included an incompletely removed foreign tissue lesion in three (hamartoma, vascular hamartoma and vascular malformation). In two of these the lesion had not been detected before the first operation. All resections were performed after the seizure had been localized with invasive electrodes, and complete seizure control occurred in 64% of patients. Wyler and colleagues reported the investigation and outcome of 37 patients selected from a series of 319 operated cases (Wyler et al., 1989) . Second resections were temporal in 23, with a seizure-free outcome in 52% of the patients. All patients who had a seizure-free outcome had mesial temporal sclerosis (MTS) in the original resection, and repeat surgery consisted of further hippocampal resection. Seven patients had structural lesions that had not been removed by the original procedure. Four of these cases involved second operations on the frontal lobe, two cases involved temporal operations after initial frontal resections, and only one case involved resection of a temporal lesion on the side where the previous temporal resection had failed. These reports have emphasized the inadequacy of the first surgical resection (especially the retention of mesial temporal structures and the incomplete removal of structural lesions) as a major factor in continuing postoperative seizures.
There are, however, other possible mechanisms of continuing seizures. In centres that employ more aggressive hippocampal resection combined with anteromedial lobectomy (Spencer et al., 1984; Polkey, 1988) , the problem of inadequate mesial resection may be less important. In cases of persistent seizures after such resections, it is possible that the epileptogenic zone is more extensive, involving the posterolateral temporal neocortex or other contiguous extrahippocampal tissue. This may seem likely in patients in whom pathological examination of excised mesial temporal structures reveals only minor non-specific abnormalities. However, the role of persisting epileptogenicity in the vicinity of the temporal lobectomy site after apparently complete resection of a sclerotic hippocampus has not been established. Other mechanisms could include relapse from the contralateral temporal lobe, perhaps in the context of bilateral mesial temporal sclerosis or by means of a mirror focus in the context of a unilateral low-grade tumour. The late recurrence of seizures could suggest maturing epileptogenicity in a surgical scar.
Advances in neuroimaging have highlighted the problem of dual pathology where either temporal or extratemporal structural abnormalities coexist with MRI evidence of hippocampal sclerosis. The frequency of this association in quantitative MRI studies of refractory partial epilepsy is~1 5% (Cascino et al., 1993; Raymond et al., 1994a; Cendes et al., 1995) . Often, these lesions are subtle and are part of the spectrum of a neuronal migration disorder. In these cases the optimum surgical strategy appears to be the removal of both the lesion and the atrophic hippocampus (Li et al., 1999) ; thus, the removal of an atrophic hippocampus alone might explain surgical failure.
Whatever the explanation, it appears that mechanisms of relapse are probably heterogeneous. With the growth of temporal lobe epilepsy surgery, such cases will inevitably form a significant group of patients with intractable epilepsy. In the light of the reported benefits of reoperation, it has been the practice of our department in recent years to offer reassessment to patients with persistent or recurrent disabling seizures. Investigations are pursued until a reasonable electroclinical classification of the seizure syndrome is obtained using clinical, imaging and neurophysiological evidence. To our knowledge, the relative importance of the proposed mechanisms of failure outlined above has not been established in unselected surgical failures after temporal resection. The aim of the present study is, therefore, to describe the electroclinical patterns of seizure recurrence in such a population and, where possible, to infer an anatomical and functional basis for these seizures.
Patients and methods

Patient selection
From a series of 282 consecutive temporal resections for intractable epilepsy associated with MTS (n ϭ 165), dysembryoplastic neuroepithelial tumour (DNT) (n ϭ 77) and normal or non-specific pathology (NSP) (n ϭ 40), 56 (20%) had persistent or recurrent postoperative seizures occurring at least monthly. All operations had been performed by the same neurosurgeon (C.E.P.) between 1976 and July 1995. Two hundred and thirty-five patients had temporal en bloc resection (Polkey, 1988) . A further 47 selective amygdalo-hippocampectomies (Yasargil et al., 1985) were performed in which the resection was limited to the mesial structures, including most of the parahippocampal gyrus.
Forty-four of the 56 patients (79%) finally underwent reassessment (MTS, n ϭ 20; NSP, n ϭ 14; DNT, n ϭ 10). In the remaining 12 patients reassessment was not possible because of foreign residence (n ϭ 4), loss to follow-up (n ϭ 3), death (n ϭ 2), seizure-freedom attained during the period of reassessment (n ϭ 1), failure to establish an electroclinical classification (n ϭ 1) and patient refusal (n ϭ 1).
Preoperative assessment
The present cohort of patients was assessed and operated over a long period and therefore preoperative assessment was not uniform. In general, operations were performed if there were congruent data from the clinical history and the neuropsychological, neurophysiological and neuroimaging investigations. Emphasis on any one modality of investigation depended on the details of the individual patient and on the suspected underlying pathology. The preoperative details of patients with MTS and NSP are set out in Tables 1 (MTS) and 2 (NSP) and similar details of patients with DNT are included in Table 4 . It is clear that individual circumstances dictated the reason for operation in some cases, and it is difficult to document precisely the clinical motivation by retrospective assessment. Furthermore, it was difficult to appreciate in the assessment of the preoperative data the expectation of seizure outcome after surgery. For example, the demonstration of a temporal lobe mass lesion in a child with intractable seizures despite imperfect electroclinical correlation was the prompting factor for surgery in three patients with temporal lobe DNT. Overall, however, patients were operated on the basis of reasonably convincing data and, whatever the expectation for freedom from seizures was before surgery, our major concern was to establish the electroclinical patterns of postoperative seizure relapse and how that might influence our approach to similar patients in the future.
Postoperative assessment Neuropathology
The neuropathological reports on the excised specimens were reviewed. Over the years, the temporal lobe surgical specimens had been reported systematically by experts in the surgical pathology of epilepsy (Honavar et al., 1997) . MTS was considered to be present if the original report had specified neuronal loss and gliosis in the hippocampus, with the most severe changes in the Sommer sector (H1) and the end-folium (H3-5) and less severe changes in the dentate fascia and the resistant zone (H2) (Margerison and Corsellis, 1966; Bruton, 1988) . In many cases the sclerotic process involved other mesial structures, such as the parahippocampal gyrus, amygdala and uncus, and MTS is therefore the preferred term in this article. Minor degrees of white matter neuronal ectopia, although always noted, were not considered to represent dual pathology. Quantitative techniques were not employed. The original slides of patients with low-grade tumours were reviewed because of the emergence of DNT as a diagnostic entity in the late 1980s (Daumas-Duport et al., 1988) . In addition, the completeness of histological resection was clarified as this was not always stated in the original report. The pathology was deemed non-specific if no structural lesion was present and the classic appearances of MTS were absent. Minor degrees of gliosis confined to the end-folium were also considered non-specific and likely to be related to the consequences of chronic seizure activity rather than a primary epileptogenic lesion .
Clinical review
All patients and/or their carers underwent a clinical interview with regard to the details of their postoperative seizures.
Emphasis was placed on the ictal semiology of recorded seizures on video-telemetry, but in the small number of cases in which seizure recording did not prove possible, certain clinical features were regarded as reliable, in terms of lateralization, from the clinical history. These included hemisensory or motor phenomena, ictal speech or speech arrest and postictal dysphasia. Version of the head and limb automatisms, however, were not considered reliable from the history alone. The following ictal features observed on telemetry were considered to have lateralizing significance with regard to the seizure focus: (i) version of the head and eyes: early non-forced version of the head and eyes, ipsilateral; late forced version, often before generalization, contralateral (Wyllie et al., 1986; Kotagal, 1991; Jayakar et al., 1992; Williamson et al., 1998) ; (ii) unilateral dystonic posturing, usually of an upper limb, contralateral (Kotagal et al., 1989; Newton et al., 1992; Fakhoury et al., 1995; Williamson et al., 1998) ; (iii) unilateral automatisms, usually of the hand (usually associated with contralateral dystonia), ipsilateral (Kotagal et al., 1989; Thadani et al., 1995) ; (iv) speech: ictal speech, non-dominant hemisphere; speech arrest, postictal dysphasia, dominant hemisphere (Koerner et al., 1988; Privitera et al., 1991; Fakhoury et al., 1994; Yen et al., 1996; Williamson et al., 1998) .
Early forced contralateral version followed by clonic activity of the contralateral limbs and generalization was considered to be compatible with seizure onset in the posterior quadrant, the prominent motor semiology probably representing rapid spread into the frontal region (Ludwig et al., 1975; Duchowny et al., 1994) . Acoustic auras, i.e. elemental sounds consisting of simple noises, piercing or buzzing, were considered to indicate seizure origin from the lateral temporal neocortex (Commission on Classification and Terminology of the International League Against Epilepsy, 1985).
Neurophysiology
All patients had routine and sleep interictal EEG recordings. The majority of patients had continuous video-EEG monitoring with scalp electrodes. The topography of ictal scalp recording (i.e. midtemporal-sylvian versus anterior temporal maximum) was not considered to distinguish residual mesial from lateral temporal onset reliably, as we were uncertain how these patterns could be influenced in the postlobectomy state. Furthermore, it appears that the topography of temporal spikes is probably determined more by the conductivity of the skull and its foramina than by the distribution of discharges over the surface of the brain (Fernandez Torre et al., 1999) . Because of this, lateralized ictal onset on scalp EEG was considered reliable in the postoperative setting. Furthermore, we felt that rapid contralateral spread might be less likely owing to disruption of the interhippocampal commissures (Spencer et al., 1987) . Some patients had additional intracranial EEG studies with foramen ovale, subdural strip or grid recordings but, reflecting For explanation of abbreviations, see footnote to Table 1 . the routine clinical practice of the reassessment process, these studies were undertaken only in those patients in whom a further surgical procedure was considered possible.
Neuroimaging
MRI was performed using a 1.5 tesla GE Signa Horizon unit (GE Medical Systems, Milwaukee, Wis., USA In an attempt to visualize the hippocampus more clearly, fluid-attenuated inversion recovery (FLAIR) sequences were obtained in patients whose electroclinical syndrome suggested onset in the contralateral temporal lobe. This sequence was not obtained systematically in other cases. The following aspects were reviewed on all scans: the extent of hippocampal resection; the presence of identifiable amygdala; the presence of periresection gliosis or encephalomalacia; the appearance of the contralateral temporal lobe; and the possibility of missed lesions, such as small tumours or a malformation of cortical development in the neocortex or periventricular heterotopia. We chose to regard a hippocampal resection as complete if, on visual inspection of the MRI, the resection extended to the level of the middle of the midbrain posteriorly, at least to the level of the posterior margin of the crus cerebri. Resection to this level has been associated with seizure-free outcomes in two detailed studies of outcome related to the extent of hippocampal resection, as judged by postoperative MRI Wyler et al., 1995) . However, preoperative quantitative MRI assessment of unilateral hippocampal atrophy shows this process to be most commonly diffuse (Van Paesschen et al., 1997) and we cannot discount with certainty seizure onset from minimal amounts of retained posterior hippocampus. On a practical level, the possibility of a further hippocampal resection was considered for each case and the clinical judgement of no remaining hippocampal surgical target correlated in every case with a resection that extended to this anatomical landmark.
Results
General characteristics of the re-evaluated group
Of the 44 patients with postoperative seizures, 23 were male and 21 were female. Mean age at original surgery was 26 years (range 4-59 years) and the mean follow-up interval from surgery to reassessment was 6 years (range 3-17 years).
Postoperative electroclinical classification
The pre-and postoperative seizure details and the results of EEG and neuroimaging, together with the electroclinical classification for each patient, are given in Tables 3 (MTS  and NSP ) and 4 (DNT). A summary of the electroclinical classification for the overall group and for each of the pathological subgroups is given in Table 5 . Thirty patients (68%) had at least one seizure type arising in the hemisphere ipsilateral to the original resection. Twenty patients (45%) had persistent/recurrent seizures classified as ipsilateral temporal, including three (Cases 11, 19 and 20) who had an additional seizure focus. Nine patients (20%) had at least one contralateral seizure but one of these was of frontal origin (Case 19) and two (Cases 20 and 38) also had ipsilateral seizures.
Mesial temporal sclerosis Ipsilateral seizures and residual hippocampus
Fourteen patients had at least one seizure arising in the hemisphere ipsilateral to the resection. Twelve of these were classified as ipsilateral temporal. Although MRI imaging revealed residual hippocampus in five patients (Cases 4, 8, 12, 19 and 20) , the electroclinical features were supportive of seizures arising in this remnant in only two (Cases 8 and 19) . A further hippocampal resection was performed in the first patient (Case 8), and this patient was seizure-free at the 6 month follow-up. In the other patient (Case 19), although one seizure was related to the residual hippocampus on intracranial EEG recording, the major (new) seizure type arose from the contralateral frontal lobe. In the remaining three patients with residual hippocampus, seizures with a buzzing aura were localized in one (Case 4) to the posterior temporal-sylvian region on intracranial mat electrode recording; no ictal activity was recorded by a depth electrode in the remaining hippocampus. In the second patient (Case 12), postoperative seizures were considered to be of ipsilateral frontal origin and the third patient (Case 20) had persistent ipsilateral temporal seizures with an acoustic aura and an additional seizure type of contralateral temporal origin.
Ipsilateral seizures and complete hippocampal resection
The remaining nine patients with MTS and ipsilateral seizures had complete hippocampal resections. Seizure semiology remained unchanged in one (Case 9). Another patient (Case 1) lost a preoperative aura of scrotal sensation and fear but continued to have seizures of temporal lobe semiology. In three patients (Cases 2, 6 and 11), epigastric auras were replaced by a non-specific aura in one and acoustic auras in two. In one of these patients (Case 11), another seizure type of ipsilateral frontal location also developed. Another patient (Case 3), without a preoperative aura, also developed a new seizure type with an acoustic aura.
Two patients had preoperative imaging evidence of more diffuse extrahippocampal atrophy. In one (Case 10), complex partial seizures of the mesial temporal type associated with an olfactory aura, localized by depth recording to the right amygdala, were relieved but generalized seizures, which were heralded by hemiclonic jerking and had a more diffuse temporal onset on the preoperative intracranial evaluation, persisted. The second patient (Case 5) relapsed after 14 months with similar complex partial seizures but with prominent Todd's paralysis. Interictal EEG discharges were localized to the region of the resection, but seizure recording was not possible because of a severe behavioural disturbance.
The final patient (Case 7) was free of complex partial seizures of left mesial temporal origin for 8 months but then relapsed with a new partial seizure of speech arrest and generalized seizures with postictal dysphasia.
Coexistence of partial and cryptogenic generalized epilepsy
One patient (Case 18) with mild learning disability had relief of left temporal complex partial seizures but continued to experience more frequent generalized tonic-clonic seizures associated with polyspike and wave discharges on a slow EEG background. In addition, frequent runs of fast positive spikes were present in the mid-parietal regions bilaterally, which was considered to indicate some underlying distortion of the cortical gyri (Matsuo and Knott, 1977) . MRI showed no cortical abnormalities and this patient was considered to have a coexistent persistent cryptogenic generalized epilepsy.
Contralateral seizures
Seven patients with MTS had contralateral seizures but two of these (Cases 19 and 20) also had seizures localized to the temporal region ipsilateral to the resection. In Case 19, the contralateral seizure (which emerged after 2 years of postoperative freedom from seizures) was classified as frontal with an apparently normal contralateral hippocampus on MRI. In the five patients (Cases 13-17) with exclusively contralateral temporal seizures, MRI showed signal changes compatible with sclerosis in three and was normal in one. The fifth patient died before an MRI was obtained. In these patients, there was no evidence of contralateral epileptogenesis in the preoperative evaluation. Four of the five patients had preoperative seizure recording, three with foramen ovale electrodes. None had contralateral seizures recorded. The patient without preoperative seizure recording, however, remained seizure-free for 4 years before relapse. Similarly, in patient 16, contralateral seizures developed after 4 years of complete freedom from seizures.
Non-specific pathology
In the 14 patients with non-specific pathological findings, the results of the electroclinical classification and postoperative imaging were more diverse.
Ipsilateral temporal seizures
Four patients had ipsilateral temporal seizures. One (Case 24) was considered to have seizures arising in a substantial hippocampal remnant seen on MRI, but further surgery was considered inappropriate because of failure of the contralateral hemisphere to support memory adequately on Sodium Amytal testing. In the remaining three patients, the clinical features were suggestive of extrahippocampal seizures, presumably arising from a site surrounding the previous resection. In Case 21, new seizures, consisting of staring and early slow version of the head followed by flexion of both arms, facial grimacing and hemiclonic jerking (replacing seizures of mesial temporal semiology of hippocampal origin on depth recording), were considered to arise more probably from the posterior temporal neocortex with rapid extratemporal propagation than from a small posterior hippocampal remnant. In Case 22, preoperative seizures consisting of buzzing sounds had progressed to staring, oral automatisms and contralateral dystonia but progressed postoperatively to numbness of the tongue and palate, blinking, hemifacial jerking, and numbness of the contralateral arm and trunk, sometimes leading to generalization. In Case 23, pre-and postoperative seizures were characterized by initial speech arrest. Although preoperative foramen ovale seizure recordings were localized to the left temporal region, the initial discharges were of greater amplitude in the more superficial electrode contacts, suggesting neocortical origin.
Two other patients had persisting seizures with auras of buzzing sounds, but the postoperative ictal-EEG was poorly localized in the hemisphere of the resection in one (Case 25) and non-lateralizing in the other (Case 26). Again, review of the preoperative foramen ovale electrode recordings showed a pattern suggestive of neocortical origin with either less prominent or late involvement of the deep electrode contacts in close proximity to the mesial temporal structures.
Ipsilateral temporal replaced by ipsilateral extratemporal seizures
In Case 28, preoperative musicogenic partial seizures were replaced by hemisensory attacks localized to the hand area of the sensory cortex by intracranial EEG studies. A similar pattern was observed in Case 27 (complete hippocampal resection), in which preoperative complex partial seizures with temporal semiology were replaced by nocturnal seizures with EEG localization to the ipsilateral frontal lobe.
Outcome of temporal resection in the setting of extratemporal structural lesions
Three patients had extratemporal mass lesions. All had been recognized preoperatively, and temporal resection was performed on the basis of electroclinical localization with depth electrodes in two patients with occipital lesions and with foramen ovale electrode recording in a patient with a hypothalamic hamartoma (Case 32). In this case, the habitual temporal lobe seizure type was alleviated but gelastic and generalized seizures continued and new ipsilateral suprasylvian seizures with hemisensory symptoms emerged. This patient, in the absence of demonstrated seizure origin within the hamartoma, was considered to have a multifocal epilepsy syndrome, the resection serving to alter propagation patterns. The two patients with occipital lesions had initially favourable outcomes from surgery, with 2 years of seizurefreedom before relapse in one (Case 30) and infrequent nocturnal generalized seizures for the first 6 postoperative years in the other (Case 29).
Contralateral seizures
Only one patient (Case 31) with non-specific pathology had evidence of contralateral temporal seizures, preoperative seizures having been localized to the operated temporal lobe on depth recording without evidence of additional contralateral seizures.
Non-epileptic seizures
Two patients (Cases 33 and 34) had preoperative clinical and ictal-EEG localization to the operated temporal lobe but continued to have atypical attacks postoperatively, which proved to be non-epileptic on ictal recording. No psychiatric predisposing factors were identified in these patients.
Dysembryoplastic neuroepithelial tumour
Of the 10 patients with pathological evidence of DNT in the operative specimen, seven had habitual seizures localized to the ipsilateral hemisphere.
Ipsilateral temporal seizures
Four patients had persistent seizures in the temporal region. In Case 44, the seizure consisted of a persisting acoustic aura leading to aphasia and generalization. MRI showed residual tumour with diffuse infiltration of the remaining left superior temporal gyrus. In the other three patients, the seizure focus was regarded as predominantly posterior temporal in location. Two of these patients (Cases 35 and 36) had initial staring followed by rapid version of the head and posturing or clonic activity of the contralateral limbs. In Case 35, this replaced the preoperative seizure of staring, automatisms and version localized to the mesial temporal region by foramen ovale recordings. However, preoperative CT had demonstrated a predominantly posterior temporal tumour with extension to the hippocampus. Although the postoperative MRI showed no evidence of residual tumour, histological review suggested incomplete resection. In Case 36, the preoperative CT was regarded as normal and the operation had been performed on the basis of electroclinical localization to the temporal lobe. The postoperative MRI, however, showed an incompletely resected posterior temporal tumour. This was the only example in which a lesion was discovered adjacent to the resection posteriorly. Intracranial EEG recording confirmed an inferobasal temporal onset of seizures. This lesion was resected and confirmed as a DNT and the patient was seizurefree 4 months after surgery. The third case differs in that the preoperative CT showed an anterior temporal lesion. This patient had two seizure types, one of which was abolished by the resection (fear, aphasia, dystonia and version), the second persisting unchanged and consisting of nocturnal tonic-clonic seizures, preceded by version and unilateral limb-jerking. The postoperative MRI suggested complete tumour resection, but histological review of the operative specimen suggested incomplete tumour resection.
Ipsilateral frontal seizures
Postoperative seizures were localized to the frontal region in three patients. In two (Cases 38 and 42), a more diffuse abnormality was evident in the form of severe behavioural and developmental disturbance, together with multifocal and generalized epileptiform abnormalities on EEG. In both patients, incomplete lesion resection was evident on histology and in one (Case 38) the tumour was associated with a band of cortical dysplasia which extended anteriorly where, postoperatively, seizure onset was demonstrated in the frontal region by intracranial EEG. The third patient (Case 43) had a lesser degree of learning disability with multifocal epileptiform abnormalities on EEG. Despite histological and MRI evidence of complete tumour removal, postoperative partial seizures were localized clinically and by scalp EEG to the ipsilateral frontal region. Isolated generalized seizures and drop attacks, described in the history, were not telemetered. All three patients had relief of temporal lobe complex partial seizures after surgery.
DNT in the setting of symptomatic generalized epilepsy
The most frequent pathological diagnosis in patients classified as having a generalized/multifocal seizure disorder was DNT. In three patients (Cases 39, 40 and 41) multiple or generalized seizure types, intellectual regression, behavioural disturbance and generalized and multifocal EEG abnormalities persisted after surgery. In none of these patients could the clinical picture be clearly attributed to the effects of a localized temporal abnormality or to the effects of chronic epilepsy as all of these features were evident from the onset of the seizure disorder. As described above, three further cases had more clearly defined postoperative partial seizures (and remission of preoperative temporal lobe seizures) but had, in addition, widespread EEG abnormalities and cognitive and behavioural problems. Although neuroimaging demonstrated residual tumour in five and histological review of the operative specimen demonstrated tumour adjacent to the resection margin in eight of the cases with DNT, this feature did not aid significantly in the electroclinical classification of cases with postoperative generalized or multifocal syndromes.
Seizure relapse after an initial seizure-free period
Nine patients (20%) (Cases 1, 5, 8, 11, 15, 16, 19, 23 and 30) had immediate postoperative seizure-free periods of at least 12 months. The mean duration of postoperative freedom from seizures for these patients was 38 months. All cases relapsed to having at least monthly seizures and all proved eventually to be medically refractory (all had at least 2 years of follow-up from the time of relapse). Seven had MTS in the operative specimen, whereas only two patients with NSP pathology and none with DNT relapsed after an initial prolonged period of freedom from seizures after surgery. In MTS patients, four relapsed from an ipsilateral temporal site, of whom three had a complete hippocampal resection. Three of the seven cases of MTS with contralateral seizures were also in this group. Three other patients with MTS had postoperative seizure-free periods ranging from 5 to 8 months. One patient (Case 13) had contralateral temporal and two (Cases 6 and 7) had ipsilateral temporal seizures, both with complete hippocampal resections.
Discussion
In this paper, we have proposed an electroclinical classification of persistent seizures after temporal lobe epilepsy surgery. In patients with mesial temporal sclerosis, relapse came from the hemisphere of the temporal resection in 70% of cases (55% from the ipsilateral temporal region) and from the contralateral hemisphere in 35% (30% from the contralateral temporal region). Patients with non-specific pathology also relapsed predominantly from the ipsilateral hemisphere (64%), but these cases were more heterogeneous in that more relapsed from extratemporal sites on that side than in cases of MTS. Although 70% of cases of DNT had postoperative partial seizures localized to the hemisphere of the resection, many also had evidence of a more diffuse disorder with additional generalized seizures, EEG abnormalities and cognitive and behavioural impairment, which in some cases amounted to an epileptic encephalopathy. Overall, only one structural lesion was discovered on postoperative MRI and no dual pathology was diagnosed on imaging of MTS relapses. The majority of seizures in patients with MTS or NSP pathology were regarded as extrahippocampal and reoperations were performed or considered possible in a small number of patients. Many patients had a well-defined preoperative electroclinical syndrome of temporal lobe epilepsy, only to relapse unexpectedly, either immediately or remotely from the time of surgery.
Unlike other authors describing reoperation after surgical resection (Wyler et al., 1989; Awad et al., 1991; Germano et al., 1994) , we concluded that most patients with MTS did not have recurrent seizures arising in residual hippocampus. This conclusion was based both on the demonstration of a completely resected hippocampus and on the electroclinical characteristics of the seizures, which were suggestive of neocortical onset. We also considered the possibility of seizures arising in residual amygdala. Bruton described neuronal loss and gliosis in 76% of amygdalae removed in conjunction with Ammon's horn sclerosis (Bruton, 1988) , and we confirmed a high incidence of pathological involvement of the amygdala, usually of a non-specific nature, in cases that relapsed from an ipsilateral site. Amygdalar tissue was described in every pathological specimen from these cases and, although it is likely that small amounts of amygdala remain after surgery, this seems an unlikely source of residual seizures, particularly as efferent pathways (Amaral et al., 1986) are likely to have been disconnected. The most important clinical characteristic supporting an extrahippocampal origin of recurrent seizures in the MTS group was the presence of acoustic auras. Five patients had acoustic auras, occurring de novo in three, all with complete hippocampal resections. Penfield and Jasper demonstrated that elemental auditory responses could only be obtained by stimulation of the posterior third of the sylvian fissure, Brodmann areas 41 and 42. Rarely, when the upper bank of the fissure had been removed, it was possible to demonstrate that the response extended inwards in the first temporal convolution and corresponded with the transverse gyrus of Heschl (Penfield and Jasper, 1954) . We confirmed, on intracranial recording, seizure onset in the posterior-temporal/ sylvian region (Case 4) without involvement of a substantial hippocampal remnant. Auditory auras are, however, infrequently described in temporal lobe epilepsy surgery series (Gloor, 1990; French et al., 1993) and we are aware of no previous reports of this pattern of seizure relapse after surgery for MTS.
Other features supporting extrahippocampal seizure onset included clinical and ictal EEG support for de novo postoperative frontal lobe seizures, and in two patients with complete hippocampal resections seizures began with initial speech arrest in one and focal jerking of the contralateral limbs in another. In addition, two cases had preoperative MRI evidence of more widespread extrahippocampal atrophy. Such a finding is not new, having been first observed by Falconer, who noted that, in cases of mesial temporal sclerosis, the hemicranium and in particular the middle cranial fossa were often smaller radiologically on the affected side (Falconer, 1964) . Similarly, neuropatholgical studies have shown that, whilst the maximum neuronal loss and scarring is in the hippocampus, the process may extend to involve the parahippocampal gyrus, the amygdala and, in some cases, the uncus and the superior temporal gyrus as far forward as the anterior part of the sylvian fissure (Margerison and Corsellis, 1966) . Bruton observed that all cases of temporal resection with mesial temporal sclerosis had sclerotic changes beyond the confines of the hippocampus, mostly consisting of gliosis in the adjacent temporal lobe white matter but also involving cortical neuronal damage in the temporal gyri in 27% of cases (Bruton, 1988) .
Similarly, quantitative MRI studies have demonstrated a range of unilateral ipsilateral hemispheric, bilateral cortical and temporal lobe volume reductions in temporal lobe epilepsy (Jack et al., 1990; Lencz et al., 1992; Lee et al., 1995; Marsh et al., 1997) , although these findings were not correlated with surgical outcome. Sisodiya and colleagues, however, using quantitative post-processing of preoperative MRIs in patients with MTS, described abnormal extrahippocampal structural changes in 14 patients who had complete hippocampal resections, 10 of whom did not become seizure-free. In contrast, 11 of 13 cases without these changes were seizure-free. No clinical details regarding the electroclinical features of postoperative seizures in these patients were provided but criteria similar to those used in the present study regarding the extent of hippocampal resection were employed (Sisodiya et al., 1997) .
In the present patients, it is uncertain whether the extrahippocampal seizures after resection of MTS are dysgenetic or due to an initial brain insult that maximally affected the hippocampus, or reflect changes induced by seizure activity. Hippocampal sclerosis can occur with temporal lobe developmental lesions and in association with both temporal and extratemporal cortical dysplasia, most notably subependymal heterotopia (Kuzniecky, 1994; Raymond et al., 1994a; Cendes et al., 1995) . In our series, postoperative high-resolution MRI failed to detect either gross or subtle dual pathology in the MTS failures, but the changes of dysplasia are not always visible on neuroimaging. Similarly, in the case of periventricular heterotopia, welllocalized preoperative syndromes of mesial temporal epilepsy are described with poor outcome (Li et al., 1997) , emphasizing that epileptogenic abnormalities may occur at a distance from the primary pathology. In the present patients, in whom relapse occurred from areas such as the temporal neocortex and the ipsilateral and contralateral frontal lobes, it seems probable that epileptogenesis is related to occult cortical dysplasia in these locations.
Relapse from the contralateral temporal lobe in MTS appears an intuitive explanation for surgical failure, particularly in view of autopsy studies of epileptic patients which report hippocampal sclerosis as being commonly bilateral with rates of bilateral pathology ranging from 47 to 86% (Sano and Malamud, 1953; Pfeiffer et al., 1963; Margerison and Corsellis, 1966; Meencke et al., 1991) . In our series, although contralateral relapse occurred predominantly in MTS cases, this mechanism accounted for only 20% of cases overall. It is probable that preoperative assessment is most successful in precluding the majority of cases with bilateral temporal lobe epilepsy from surgery, and it is noteworthy that the patients in the series of Margerison and Corsellis had been assessed and specifically deemed inoperable. Although bilateral hippocampal atrophy has been found on high-resolution MRI scans in 9% (King et al., 1995) and 18% (Quigg et al., 1997) of operated patients, it appears that a successful outcome can be obtained if seizures are demonstrated to arise predominantly from one side. Our results suggest that relapse from the contralateral temporal lobe may occur many years after surgery and suggest that, when developing epileptogenesis occurs in association with bilateral hippocampal sclerosis, the process can be remarkably asymmetrical.
Although previous studies (Falconer et al., 1964; Duncan et al., 1987; Bruton, 1988; Nakasato et al., 1992; Zentner et al., 1995; Hennessy et al., 1999) have reported less favourable outcomes for temporal resections associated with normal or non-specific pathology, no detailed explanation is available as to why these cases fail. It is clear, on review, that four patients with acoustic auras and speech arrest and ictal EEG onsets suggestive of neocortical temporal origin had lateral temporal lobe epilepsy from the outset. In the two patients whose mesial temporal seizures were replaced by extratemporal seizures, the findings suggest the existence of a regional epileptogenicity in which the hippocampus represents the area of cortex with the lowest threshold for seizure generation, other areas of cortex with a higher threshold for seizure generation becoming the site of ictal onset after its removal. Furthermore, patterns of seizure propagation may be altered in some patients, in whom preoperative seizures of predominantly mesial temporal semiology are replaced by extratemporal seizures, usually involving secondary generalization. This pattern of relapse may be potentially deleterious for these patients, exposing them to the risk of tonic-clonic seizures, including sudden death (Hennessy et al., 1999) . It is of interest that two patients in the NSP group became apparently seizure-free after surgery but quickly relapsed with non-epileptic seizures. Bruton similarly reported, from the earlier Maudsley series, that even though some patients with normal or indeterminate findings at pathology became seizure-free, none benefited psychosocially (Bruton, 1988) . The underlying pathophysiology of intractable focal temporal lobe epilepsy associated with non-specific pathology is obscure. It is apparent that a seizure-free outcome may be achieved in some patients (Burgerman et al., 1995; Pacia et al., 1996) , suggesting the presence of a truly localized non-lesional temporal lobe epilepsy. The fact that, in two of the present patients, seizures were partly reflex in character (musicogenic and eating-induced) might point to an idiopathic functional aetiology.
Electroclinical syndromes of temporal lobe epilepsy are well described in association with occipital (Salanova et al., 1992; Williamson et al., 1992a) and parietal (Williamson et al., 1992b) lesions, with occasional successful outcomes after anterior temporal lobectomy. In the present study, the two patients with occipital lesions both experienced an initial satisfactory outcome after temporal lobe surgery. Eventual relapse was located electroclinically in the frontocentral and temporal regions but, as resection of the lesions was not considered feasible, it was not possible to define the propagation patterns of the recurrent seizures more accurately with intracranial EEG. Hypothalamic hamartomas may, similarly, have electroclinically defined temporal lobe seizures but the surgical outcome after temporal resection has not been successful (Cascino et al., 1993) . It is now evident that intrinsic epileptogenesis with subsequent spread to the cortex is the likely physiology of most seizures in these patients (Munari et al., 1995; Kuzniecky et al., 1997) .
The majority of patients with DNT had evidence of focal and multifocal epileptogenesis remote from the resection. Many had multiple seizure types, generalized EEG abnormalities and major cognitive and behavioural disturbance that did not appear to simply reflect the effects of epilepsy from an early age. Previous reports of DNT (Daumas-Duport et al., 1988; Raymond et al., 1994b) highlight this entity as a common and surgically treatable cause of refractory partial epilepsy. The present findings suggest that the clinical correlations of DNT are wider and include conditions amounting, in some cases, to epileptic encephalopathies. Cortical dysplasia frequently occurs as part of the pathological spectrum of DNT (Daumas-Duport et al., 1988; Prayson et al., 1993 Prayson et al., , 1996 Raymond et al., 1994; Taratuto et al., 1995) , and this is a possible explanation for extratemporal epileptogenesis and the other abnormalities in these cases. The association with cortical dysplasia and the known extensive disturbances in neuronal circuitry (Raymond et al., 1994b; Sisodiya et al., 1997) in this setting may provide an explanation for the widespread extratemporal functional abnormalities in these patients. This was confirmed in one patient (Case 38) in whom the pathological demonstration of a band of cortical dysplasia extending beyond the resection into the frontal region correlated with seizure onset on subdural EEG recording. It is possible that a similar mechanism, rather than residual microscopic tumour, could account for persistent seizures arising adjacent to an apparently complete tumour removal as judged by MRI. In fact, subtotal resection of DNT has been associated with a seizure-free outcome in several cases of our series (Kirkpatrick et al., 1993) and others (Daumas-Duport et al., 1988) . The concept of 'mirror focus' has been invoked as a possible mechanism for persistent seizures after resection of a unilateral lesion. In patients with temporal glial tumours, lesions that are unlikely to occur bilaterally, Morrell reported evidence of contralateral seizure generation in 15% (Morrell, 1985) . Failure of contralateral seizures to disappear after surgical resection of the primary epileptogenic region was correlated with the frequency of seizures and the duration of epilepsy. Our results suggest that this mechanism may be less important in patients with DNT. Only one patient (Case 38) had evidence of seizure generation in the contralateral temporal lobe, and this was regarded as nonhabitual, occurring in the context of antiepileptic drug reduction during EEG telemetry.
Recurrence of seizures after a seizure-free period of at least 1 year was most frequently encountered in patients with MTS. This finding agrees with that of Berkovic and colleagues (Berkovic et al., 1995) and Spencer (Spencer, 1996) , who also reported that late recurrence occurred virtually only in MTS. An important mechanism which has been suggested for late recurrence is maturing epileptogenicity in a surgical scar. However, as most late relapses occurred in MTS patients and not in the others, this suggests that operative trauma is less likely. In fact, patients with DNT had the greatest amount of periresection encephalomalacia but none relapsed after an initially seizure-free interval. Furthermore, in the MTS patients, late relapse from the contralateral hemisphere was disproportionately more frequent than relapse from the ipsilateral hemisphere. In the four MTS patients who had late relapse from the area of previous surgery, one (Case 11) also had seizures arising from the frontal region, remote from the resection. In the other three patients (two with new seizure types), it is possible that a surgical scar could have contributed to seizure relapse. This mechanism is actually suggested by Case 7 (left MTS), in whom haemorrhagic infarction developed adjacent to the operative site (demonstrated by CT on the fifth postoperative day). Although clinical resolution was complete and the reassessment MRI was within normal limits, new postoperative partial seizures consisting of speech arrest could reasonably be attributed to the effects of an operative insult. Apart from these few patients, however, it appears that developing epileptogenesis related to a surgical scar is an unlikely explanation for recurrent seizures arising adjacent to the resection.
Conclusions
The present report outlines the electroclinical patterns of relapse following surgery for temporal lobe epilepsy. The findings highlight the prominence of extrahippocampal and extratemporal epileptogenesis in the majority of surgical failures, irrespective of pathology. Certain features, such as the presence of acoustic auras and ictal EEG onsets suggestive of neocortical seizure origin, could have drawn attention to the possibility of a poor outcome. In many patients, however, operations were performed after electroclinical localization to the mesial temporal region, often, in the case of MTS failures, supported by MRI evidence of unilateral hippocampal atrophy. It is probable that emerging MRI techniques, such as surface coil studies (Barkovich et al., 1995) and curvilinear reformatting (Bastos et al., 1999) , may demonstrate subtle cortical abnormalities that may be responsible for postoperative seizures. Similarly, functional neuroimaging with [ 11 C]flumazenil-PET may delineate neuronal deficits suggestive of occult malformation of cortical development in patients with both focal pathology and normal MRI (Richardson et al., 1998) . Until such techniques are evaluated in prospective studies of outcome after surgery, patients need to be counselled that, with the available preoperative investigative strategies, relapse may be unpredictable. At present, a normal preoperative high-resolution MRI may be regarded as an indicator for 'normal or non-specific pathology' in the majority of patients, and such cases should be approached with caution, as even a clearly defined hippocampal epilepsy on depth recording is not a guarantee of freedom from seizures, the attendant risks of altering seizure propagation patterns and potentially leading to more severe seizures. Finally, with the growing appreciation of the imaging characteristics of DNT and its benign nature, patients with evidence of symptomatic generalized epilepsy should be spared the hazards of a resection which is unlikely to benefit their seizures.
